In order to improve the energy absorption ability of the surge arrester, the high-voltage DC transmission system which has long duration and high energy overvoltage usually adopts parallel-connected multi-column arresters. The uniformity of the current distribution between columns determines the total energy absorption capacity of the arrester. In this paper, the effect of impulse current waveform on the non-uniformity of current distribution between four-column parallel valves is studied by testing the arrester of two manufacturers, and the results show that the waveform of the impulse current has a certain effect on the current non-uniformity, but the effect will not exceed the standard value.
INTRODUCTION
In high-voltage DC transmission system, metal oxide surge arresters serve the dual function of limiting lightning or switching overvoltage and absorbing the overvoltage energy. The impact current waveform and overvoltage types of arresters are quite different. When there is lightning overvoltage, the impact current amplitude is high but the duration is very short (usually simulated with 8 / 20μs impact current waveform) and arrester absorbed energy is not large. The duration of AC system operating voltage is usually relatively long, the national standard [1] provides 2ms square wave to measure its energy absorption capacity. In the HVDC transmission system, because the DC transmission distance is much greater than that of the same voltage level AC line, there is a lot of electromagnetic energy in transmission line. When there is operation overvoltage, the discharge current duration is up to tens of milliseconds [2] , and the energy that arrester need to absorb is up to tens or hundreds of MJ [3] . ________________________ Energy absorption capacity of surge arrester is proportional to the volume of valve disc. Due to subject to the manufacturing technique, a single valve disc diameter is at most 110mm. In order to improve the energy absorption capacity of the arrester, the arrester is usually designed to be in the form of multi-column in parallel arrester. Under the impact of lightning and operation overvoltage, the distribution of the current passing through the arrester of each column is the distribution of energy absorbed by each arrester column since the voltage of each column is the same. When there is uneven current distribution between the columns, the column with more current absorbed energy that exceeds its limit will cause the whole arrester breakdown. Thus, the uniformity of current distribution should be noticed to improve the energy absorption capacity of the parallel-connected multi-column arrester.
Current distribution non-uniformity coefficient reflects the current distribution of parallel-connected multi-column arrester, the current distribution non-uniformity coefficient  is defined as:
Where:
arr I -Total peak current of arrester; max I -The maximum peak current of a column N -The number of columns Chinese national standard GB / T 22389-2008 stipulates that the current distribution non-uniformity coefficient of parallel-connected multi-column arrester shall not be greater than 1.1.
In paper [4] , the current distribution non-uniformity coefficient corresponding to different 1mA U deviations is calculated. The device and measurement system of current distribution test are introduced. The literature [5] [6] show that with the same impact current waveform, the current sharing coefficient decreases with the increase of the impulse current amplitude. Meanwhile, the more the number of valve discs per column, the smaller the current sharing coefficient. It is also pointed out that the current sharing coefficient will be less than 10% if the deviation between each column of 2mA U and 500A operating residual pressure is less than 0.5% during the matching process of the valve disc of arrester. In paper [7] , the definition of current distribution non-uniformity coefficient is introduced. The energy absorption capacity of parallel-connected multi-column arresters is deduced quantitatively when the current distribution is uneven. After parallel connection of n column arrester, its energy absorption capacity is equivalent to that of / n  single-column arrester. This paper select two manufacturers of valve discs, current distribution of parallel-connected four-column arresters is testing with lightning current (8/20 s  ), operating current (30/60 s  ) and 2ms square wave current.
THE DEVICE AND METHOD

The device
The current distribution of parallel-connected multi-column arresters is tested by the device of arrester manufacturer. The test circuit shown in Figure 1 : The device shown in Figure 3 produces standard 2ms square wave current (amplitude is 100A to 2kA). 
The method
UHV DC arrester valve discs of A, B two manufacturers are tested in this paper (shown in Figure 4 ). The valve disc diameter of manufacturer A is 110mm and that of manufacturer B is 105mm. The thickness of them are both 22mm. and the nominal current is 20kA. Figure 1 ). The current through each column is limited at 100A-1000A [8] . The front time of impulses is required to be more than 7 s  and the time to half crest is not specified. The section of an arrester of two manufacturers are tested with 8/20 s  standard lightning surge current, 30/60 s  operating impulse current and 2ms square wave current. Current distribution non-uniformity coefficient of each manufacturer's valve disc is compared under different impulse current waveform.
THE INFLUENCE OF LIGHTNING SURGE CURRENT ON CURRENT DISTRIBU-TION
8/20
s  lightning surge current is applied. The current amplitude of each column is limited to 100A-1000A. The current of each column is measured and the current distribution non-uniformity coefficient is calculated. The results are shown in Table 1 , Table 2 below. The influence of current amplitude on current distribution non-uniform coefficient under lightning surge current is shown in Figure 5 . As can be seen from the above results, under 8/20 s  lightning surge current, the current distribution non-uniform coefficient is less than 1.1 as specified in GB / T 22389-2008. As the impulse current amplitude increases, the non-uniformity coefficient of arrester decreases.
THE INFLUENCE OF OPERATING IMPULSE CURRENT ON CURRENT DIS-TRIBUTION
30/6 s
 operating impulse current is applied. The current amplitude of each column is limited to 100A-1000A. The current of each column is measured and the current distribution non-uniformity coefficient is calculated. The results are shown in Table 3, Table 4 below. The influence of current amplitude on current distribution non-uniform coefficient under operating impulse current is shown in Figure 6 . As can be seen from the above results, under 30/60 s  operating impulse current, the current distribution non-uniform coefficient is less than 1.1 as specified in GB / T 22389-2008.
As the impulse current amplitude increases, the non-uniformity coefficient of arrester decreases.
THE INFLUENCE OF 2MS SQUARE WAVE CURRENT ON CURRENT DISTRIBU-TION
2ms square wave current is applied. The current amplitude of each column is limited to 100A-1000A. The current of each column is measured and the current distribution non-uniformity coefficient is calculated. The results are shown in Table 5 , Table 6 below.
The influence of current amplitude on current distribution non-uniform coefficient under 2ms square wave current is shown in Figure 7 . It can be seen from the above results that the current distribution non-uniformity coefficient under the 2ms square wave current is consistent with the conclusion of the foregoing test.
THE INFLUENCE OF IMPULSE CURRENT WAVEFORM ON CURRENT DIS-TRIBUTION
The current distribution non-uniform coefficient of the same manufacturer's valve disc un-der the impact of different current such as lightning current, operating current and 2ms square wave current are shown in Figure 8 and Figure 9 . The above results show that the influence of the current waveform on the current distribution non-uniform coefficient of different manufacturer's valve disc is different, the current distribution non-uniform coefficient of manufacturers A can be summarized that non-uniform coefficient under 2ms square wave current is greater than that under operating impulse current and non-uniform coefficient under operating impulse current is greater than that under lightning surge current. But the characteristic of the waveform response of the manufacturer B's valve disc to the impact current is the same as that of manufacturer A in the small current region (the current amplitude is less than 200A), but when the current is large greater than 500A, the non-uniformity coefficient under lightning surge current is greater than that under operating impulse current.
CONCLUSION
1 Under the different impulse current waveforms, the current non-uniformity coefficient of parallel-connected multi-column arresters valve disc varies with the current amplitude and decreases with the increase of current amplitude. 2 Although the current distribution non-uniform coefficient is affected by the current waveform and amplitude, when 1mA U and impact residual voltage of valve disc is matched, the current distribution non-uniform coefficient will not exceed 1.1 that stipulated by GB / T 22389-2008. 3 The influence of current waveforms on current distribution is different in different manufacturers.
